Exposure to nature versus relaxation during lunch breaks and recovery from work: Development and design of an intervention study to improve workers´ health, well-being, work performance and creativity by de Bloom, Jessica et al.
 
 
This document has been downloaded from  






The permanent address of the publication is http://urn.fi/URN:NBN:fi:uta-
201406241867  
  
Author(s):  De Bloom, Jessica; Kinnunen, Ulla; Korpela, Kalevi 
Title:  
Exposure to nature versus relaxation during lunch breaks and recovery 
from work: Development and design of an intervention study to improve 
workers´ health, well-being, work performance and creativity 
Year:  2014 
Journal 
Title:  BMC Public Health 
Vol and 
number:  14 : 488  
Pages:  1-15 
ISSN:  1471-2458 
Discipline:  Public health care science, environmental and occupational health; Psychology 
School 
/Other Unit: School of Social Sciences and Humanities 
Item Type:  Journal Article 
Language:  en 
DOI:  http://dx.doi.org/10.1186/1471-2458-14-488  
URN:  URN:NBN:fi:uta-201406241867 




All material supplied via TamPub is protected by copyright and other intellectual 
property rights, and duplication or sale of all part of any of the repository collections 
is not permitted, except that material may be duplicated by you for your research use 
or educational purposes in electronic or print form. You must obtain permission for 
any other use. Electronic or print copies may not be offered, whether for sale or 
otherwise to anyone who is not an authorized user. 
de Bloom et al. BMC Public Health 2014, 14:488
http://www.biomedcentral.com/1471-2458/14/488STUDY PROTOCOL Open AccessExposure to nature versus relaxation during lunch
breaks and recovery from work: development and
design of an intervention study to improve
workers’ health, well-being, work performance
and creativity
Jessica de Bloom*, Ulla Kinnunen† and Kalevi Korpela†Abstract
Background: The objective of this research project is to understand and to improve workers’ recovery from work
stress. Although recovery during lunch breaks is the most common within-workday break, it has received only
minor research attention. Therefore, we will study whether lunch breaks including a relaxation session or exposure
to nature have more favorable outcomes than usually spent lunch breaks concerning: a) recovery processes, b)
health, c) well-being, d) job performance and e) creativity. We approach recovery by combining the theoretical
frameworks of work and environmental psychology.
Methods/Design: We conduct an intervention study in a sample of 268 knowledge-workers who engage in
different lunch break activities for 15-minutes per day, two weeks in a row. We randomly assign participants to
three experimental conditions: 1) exposure to nature, 2) relaxation and 3) control group (lunch break spent as usual).
Online questionnaires before and after the intervention assess long term changes regarding recovery processes
and the major outcome variables. Before, during and after the intervention, SMS and paper-pencil questionnaires
measure the same constructs four times a day with fewer items. We also measure blood pressure and collect saliva
samples to map cortisol excretion across the intervention period. A timed experimental task (i.e., the Alternative
Uses Task) is used to examine differences in creativity between the three groups after the intervention period.
Discussion: By combining the knowledge of work and environmental psychology about recovery and restorative
experiences, by merging three recovery perspectives (settings, processes, and outcomes) and by using data
triangulation, we produce valid results that broaden our view on mechanisms underlying recovery and enhance
our understanding about their links to psychological, behavioural and physiological outcomes, resulting in a more
comprehensive picture of work stress recovery in general.
Trial registration: ClinicalTrials.gov Protocol Registration System NCT02124837. Registered 24 April 2014.
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Employees exposed to stressful work conditions experi-
ence strain and suffer from poor well-being, which in turn
has harmful effects on job performance and increases sick-
ness absences. According to the European Working Con-
ditions Survey, 30–40% of workers report mental health
problems and stress-related disorders which are the big-
gest overall cause of early death in Europe [1,2].
It has been shown that unwinding from one’s job de-
mands (i.e., recovery) is important for reducing the
negative effects of work stress [3]. Recovery refers to the
process during which an individual’s functioning returns
to its pre-stressor level, and depleted resources are
replenished [4]. In fact, in modern society, which is char-
acterized by a hectic pace of life, efficiency and competi-
tiveness in a global economy, it is likely that lack of
recovery is a greater health problem than the absolute
level of strain itself [5].
Recovery from work stress may constitute a protect-
ive mechanism that acts as a buffer in the work stress–
strain relationship [3]. Accordingly, intervention studies
which focus on improving the knowledge about and the
skills to effectively recover from work stress are ur-
gently needed [6]. Therefore, our intervention study is
aimed at promoting recovery in workers. In doing so,
we focus on lunch breaks as within-working day (in-
ternal) recovery.
Surprisingly, internal recovery has received much less
attention than off-job (external) recovery [7], although
most people spend about half of their day at their work-
places. Work breaks represent a period of time during
which work-relevant tasks are neither required nor ex-
pected [8]. The study of within-day work breaks dates
back to Mayo and the Hawthorne Studies in the 1930’s.
However, since then the issue has not been examined
with a specific focus on recovery from work stress and
the underlying mechanisms (see [9], for a review). The
few existing studies suggest that the types of activities
people engage in during work breaks have implications
for their well-being as well as their performance. For in-
stance, feelings of recovery after work breaks were asso-
ciated with more vigor and work-family facilitation
before bedtime in a diary study [10]. Furthermore, Trou-
gakos et al. [8] found that the type of activities service
employees engaged in during their daily work breaks in-
fluenced their emotions and their affective displays in
customer interactions. Restful and enjoyable activities
(called respites) provided greater recovery than more ef-
fortful and not preferred activities (called chores). Re-
spites may stop the depletion of regulatory resources
and add affective resources. This conceptualization also
matches another distinction made on the basis of the
duty profile of activities: activities can be either resource
consuming or resource providing [11].In fact, it seems that rather than the specific nature of
activities, it may be more important that the activities
match individual preferences and needs (e.g., [12-14]).
The mechanisms assumed to underlie the recovery
phenomenon have recently been under study. Sonnentag
and Fritz [15] have labelled these recovery experiences
psychological detachment from work (disengaging one-
self not only physically but also mentally from work; op-
posite to rumination), relaxation (a state of increased
positive affect and low activation), mastery (challenging
experiences and learning opportunities during off-job
time), and control (ability to choose which activity, when
and how to pursue during off-job time).
Psychological detachment and relaxation have their
theoretical roots in the Effort-Recovery model [16].
When experiencing them, no further work-related de-
mands act upon the psychobiological system. Mastery
and control relate to the Conservation of Resources The-
ory [17] as they have the potential to rebuild depleted
resources. Empirical evidence suggests that the four re-
covery experiences are helpful in recovering from work
stress [18-20]. For instance, in a one-year longitudinal
study [21] poor psychological detachment predicted job
exhaustion one year later. In addition, feeling recovered
after the weekend due to high levels of detachment, re-
laxation and mastery experiences has predicted higher
levels of self-reported job performance during the fol-
lowing week [22].
In general, there is also a lot of evidence showing that
relaxation is related to psychological (e.g., stress, anxiety),
physiological (e.g., blood pressure, stress hormones, mus-
culoskeletal pain syndromes, digestion) and organizational
outcomes (e.g., productivity), although the latter two out-
comes have been far less often examined [23-26]. How-
ever, most studies conducted so far are cross-sectional so
that causality cannot be clearly established. Intervention
studies with a quasi-experimental design are scarce in
work- and organizational psychology, because they are ex-
pensive and difficult to implement in an organizational
context [27].
In the current study, we do not only pay attention to
the recovery process and its outcomes. Another import-
ant focus is the setting in which recovery takes place.
The environment in which working people spend their
lunch breaks may be essential for both their subjective
experiences during the respite as well as the outcomes
in terms of health, well-being and performance. This
means that we approach recovery from work by combin-
ing the theoretical frameworks and empirical results of
work and environmental psychology.
Exposure to nature
Scientific evidence from the field of environmental
psychology shows that restorative environments not only
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concentrate and from the elevated physiological arousal
and negative emotions characteristic of acute stress and
fatigue [28,29]. Exposure to nature can increase relax-
ation, improve well-being and job satisfaction [30,31]. A
meta-analysis of 25 studies [31] comparing data before
and after activities in natural environments showed sig-
nificant decreases in negative feelings and increases in
positive mood. Moreover, a pilot study combining work
and environmental psychological aspects of recovery re-
vealed a positive relationship between the time spent in
interacting with nature and low need for recovery from
work [32]. Spending time in a natural environment can
decrease heart rate, muscle tension and skin conduct-
ance within a few minutes [33]. After approximately
twenty minutes of exposure, blood pressure and salivary
cortisol decreases and positive mood increases [34-36].
Even passively viewing urban parks or woodlands pro-
duces greater physiological changes toward relaxation,
positive emotions, and faster recovery from attention-
demanding cognitive performances than watching built
environments without natural elements [29,35,37,38].
According to the Attention Restoration Theory [39],
restoration of depleted resources unfolds in place-person
interactions that involve preceding or co-occurring pro-
cesses of a) fascination, i.e., effortless attention, b) psycho-
logical or geographical distance from one’s usual context,
c) immersion in a coherent environment, and d) a good
match between personal purposes, environmental sup-
ports and demands for action. These processes, also called
processes of perceived restorativeness, typically appear
more often in natural environments than in urban envi-
ronments [40,41]. For instance several epidemiological
studies indicate a positive relation between the amount of
green space in the residential area and decreased morbid-
ity and mortality rates [42-45].
An experimental study has focused on the impact of
nature on well-being after simulated work. The student
participants in this open-plan office laboratory worked
for two hours in noisy setting, consisting of mobile
tunes, telephone ringing and telephone conversations.
After that, they took a 7-minute break in four different
restorative conditions: 1) nature movie with sounds of
streaming water, 2) river sounds only, 3) silence, 4) con-
tinuation of office noise [46]. The participants who saw
the movie with sounds of water rated themselves as hav-
ing more energy compared to the other three groups.
No differences were found between the four conditions
concerning stress hormones (i.e., salivary cortisol and
urinary catecholamine) or cognitive measures after the
break (i.e., solving logical problems, reading span &
comprehension and serial recall).
Still, the current knowledge on the effect of exposure
to nature during the workday is limited until now. Moststudies were conducted in student samples and, accord-
ingly have low external validity. Moreover, little is known
about how long-lasting positive effects are and studies
on working people have mainly focused on the determi-
nants for exposure to nature rather than outcomes [47].
A recently published intervention study compared the
effects of a 20-minute walk in nature and built environ-
ments during lunch breaks [48]. The 94 office workers
of this study were instructed to walk during two lunch
breaks per week for a period of eight weeks. There were
no differences between the groups concerning auto-
nomic nervous system activity (heart rate, heart rate
variability, blood pressure, recovery from acute mental
stress). Self-reported mental health increased in the na-
ture walk group (compared to the built environment and
the control group).
Relaxation
Although there are some studies which have used relax-
ation and meditation techniques to improve employee
well-being, these have often been combined with other
techniques, such as time management [24] and to our
knowledge only two studies have focused specifically on
improving recovery processes during the work day in
working people. One of these studies showed that it is
possible to enhance recovery experiences (detachment,
relaxation, control and to a lesser degree mastery) with a
training program consisting of lectures as well as indi-
vidual and group exercises, lasting a total of 9 hours in
two weeks [49]. After the training, sleep quality in-
creased, and stress as well as negative affect decreased.
Another study, a controlled trial covering a period of
6 months, found that a relaxing break (consisting of
20 minutes progressive muscle relaxation in a silent
room cabin) reduced post-lunchtime and afternoon
emotional and motivational strain compared to a small-
talk break group [50,51]. Moreover, there was a reduc-
tion in the immediate post-lunchtime and awakening
cortisol states in the next morning. It is worth noticing,
however, that this study focused on only 14 call center
agents and was limited to strain outcomes (e.g., feeling
nervous, relaxed, energetic, motivated).
Outlook
To summarize, we approach recovery from three per-
spectives in this study: settings, processes, and outcomes
[6]. Concerning settings, we focus on within-day recov-
ery in the form of lunch breaks. Moreover, we take the
environment in which recovery takes place into account.
Concerning recovery processes, that is, mechanisms that
underlie the recovery phenomenon, we examine espe-
cially psychological recovery processes (i.e. psychological
detachment, relaxation, mastery and control; [15]), but
also break (exposure to nature, relaxation) and leisure
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including the environment in which they take place. Fi-
nally, our study incorporates different recovery out-
comes (psychological, physiological and behavioral).
Research questions and hypotheses
We conduct a field experiment focusing on enhancing
the recovery potential of within-work breaks. The aim of
this study is to examine the recovery value of two differ-
ent break-time activities. These are a relaxation session
and exposure to nature in the form of a park walk ses-
sion. After having had lunch, randomly assigned partici-
pants either a) take part in a relaxation session, b) take a
walk in a nearby park or c) spend their lunch break as
usual (control group).
Our five research questions are: How does exposure to
nature/relaxation during lunch breaks (compared to nor-
mal lunch breaks) affect:
1) recovery processes, i.e., restoration, relaxation,
mental detachment, mastery and control during
breaks
2) physiological health, i.e., health status, health
complaints, blood pressure, cortisol excretion, health
status, health complaints
3) (work-related) well-being, i.e., vigor, fatigue, stress,
happiness, satisfaction, mood
4) job performance, i.e., task completion, ability to
concentrate
5) creativity, i.e., fluency of ideas, cognitive flexibility,
originality of ideas
Concerning the time frame, we focus on immediate ef-
fects (directly after the lunch break), short term effects (in
the end of the work day), medium term effects (in the
evening before going to bed) and long term effects. Con-
cerning long-term effects, we distinguish between effects
in the morning a couple of days later during the interven-
tion period, effects during the first week after the inter-
vention ended and three weeks after the intervention.
We also investigate whether certain variables during or
after the work day, and person or job characteristics influ-
ence the potential link between exposure to nature/relax-
ation during lunch breaks and the outcome variables.
More specifically, we focus on mediator/moderator vari-
ables during the work day (e.g., break characteristics, re-
covery processes, work demands), after work (e.g., free
time characteristics) and in general (e.g., person character-
istics, workaholism).
We hypothesize that exposure to nature and relaxation
produce more favourable psychological recovery pro-
cesses and short-term health, well-being and job per-
formance than usually spent lunch breaks. We expect
that improved psychological recovery processes maypartially mediate the effects of the intervention on the
major outcome variables.
We also hypothesize that poor recovery from job de-
mands and deficient recovery processes may have nega-
tive long-term consequences. We expect that there may
be certain combinations of psychological processes (e.g.,
dominated by high detachment and positive affect)
which produce the best long-term outcomes. We do not
have any specific hypotheses, but consider it possible
that, for example, higher age and workaholism may in-
tensify the negative effects of poor recovery from job de-
mands on well-being, as it has been shown that recovery
deteriorates along with ageing and that workaholism is a
risk factor for well-being and health in general [53,54].
Concerning creativity, defined as “[…] the production
of novel, useful ideas or problem solutions ([55], p.368),
we hypothesize that exposure to nature positively affects
creativity because Atchley et al. [56] demonstrated that
spending time in natural surroundings is associated with
increases in creativity, as measured with the Remote As-
sociates Test. Regarding relaxation, most studies found
that de-activating mood states produce less creative
ideas than activating states [57]. Therefore, relaxation
sessions may be less beneficial in terms of creative in-
sights than actively spend lunch breaks.
Methods/Design
The research plan has been approved by the Ethics Com-
mittee of the Tampere Region, Finland (Statement 10/
2014). The data protection ombudsman has been notified
in line with the Finnish Personal Data Act (523/1999), §
10 and § 14. The data collection will be divided into two
phases in order to optimize material and personnel re-
sources. The first phase takes place in spring (April-June)
and the second phase in autumn (September-November).
Both data collection phases cover a period of seven weeks
(weeks 18–24 and weeks 35–41). These seven weeks in-
clude ten working days with each ten repeated measure-
ments per measurement day (see Additional file 1: Table
S1). Four measurements are scheduled in the morning
(one blood pressure measurement, two saliva samples,
one SMS questionnaire), one measurement after lunch
(SMS questionnaire), two measurements at the end of the
work day (one blood pressure measurement, one SMS
questionnaire) and four measurements are planned before
going to bed (one saliva sample, one blood pressure meas-
urement, one SMS questionnaire, one paper-pencil ques-
tionnaire). The intervention covers a time span of two
weeks. During these two weeks, participants are instructed
to engage for 15 minutes during their lunch break on
working days (altogether 10 days) in one of the activities
they are randomly assigned to within each company: 1)
exposure to nature (i.e., park walking), 2) relaxation exer-
cises, 3) usual break activities (control group).
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also fill in an online questionnaire with questions re-
garding demographics (e.g., age, marital status, educa-
tion), basic job information (e.g., weekly work hours),
break habits during the work day (frequency, duration
and location of breaks, activities during breaks), well-
being (e.g., work engagement, burnout) and health (e.g.,
physical diseases, Body Mass Index). Moreover, baseline
levels of the major outcome variables are assessed in
depth at this point in time. The online questionnaire can
be approached by clicking on a link in an email sent to
the participants. At the end of the research period (week
24 or 41 respectively), a second online questionnaire is
used to assess break habits and scores on the major out-
come variables in detail for the second and last time.
One week before the intervention, during the interven-
tion period, as well as in the first and the third week
after the intervention, measurements are scheduled on
Tuesdays and Thursdays. On these days, three different
types of measurements take place 1) SMS question-
naires, 2) paper-pencil questionnaires, 3) blood pressure
measurements (self-administered) and 4) saliva sampling
(self-administered). SMS-questionnaires are sent to the
participants’ cell phone four times per day: early in the
morning (7.00), after lunch (11.30), at the end of the
work day (16.00) and in the evening before going to bed
(21.00). The SMS questionnaires are programmed into a
digital system developed by a team of researchers at the
University of Applied Sciences in Jyväskylä called
eGRoup coach. When the system has been developed,
special attention has been paid to data protection and
privacy and it has been successfully applied in diary
studies before [58,59]. Every participant is assigned a
personal code which he/she has to type in before an-
swering the questions. This code also makes sure that
the answers are anonymized (e.g., important if the phone
is lost or stolen) and belong to the person in question.
The questionnaires are very short and it takes no longer
than 3 minutes to reply to the questionnaires by replying
via SMS. The costs for the replies are covered by the re-
search project. At the end of each measurement day,
participants also reply to a number of questions pre-
sented to them in a paper-pencil booklet where they also
note down their blood pressure values. The participants
are requested to measure their blood pressure three
times per day: early in the morning, 30–60 minutes be-
fore the end of their work day and in the evening before
going to bed. Participants are instructed to collect saliva
three times per day: right after awakening, 30 minutes
after awakening and before going to bed.
We take several steps to secure commitment from
participants and reduce non-response as suggested by
Newman [60]. For example, each participant gets a per-
sonal time schedule of his/her measurement occasionsand each measurement day is preceded by a reminder
during the preceding evening. During the intervention
weeks, the participants in the two intervention groups re-
ceive a reminder SMS instructing them to engage in park
walking/relaxation during their next lunch break. On a
daily basis, we will check whether participants replied to
the daily SMS questionnaire. In case of two missed mea-
surements, we will call the participants to ask why they do
not reply to the SMS messages (to detect technical errors)
and emphasize that adherence to the research protocol is
essential for the success of this study.
Study population and recruitment
We recruit workers with knowledge-intensive and emo-
tionally demanding jobs as it is probable that work stress
recovery problems concern especially these workers.
Workers with knowledge-intensive jobs often have so-
called boundaryless jobs in which flexibility in terms of
time, space, and organization of work is typical [61].
This shifts the responsibility for the limits of work to the
workers themselves. Knowledge work is often also sed-
entary, which seems to increase health risks regarding
higher BMI and diabetes [62]. Emotional work is often
done in the service sector and demands a high level of
positive affective displays. This challenges workers’ be-
havior regulation as they have to present the appropriate
emotional displays on demand. This kind of work can be
quite taxing, and it has been related to impaired well-
being [63].
The participants are mainly recruited with the help of
a company, Tampereen Työterveys Ry., which supplies
occupational health service to 848 client organizations.
The company will send an email to some of their client
organizations, introducing our study. A few days after
receiving the email, we will contact the organizations by
telephone and ask them if they want to take part in our
study. If they agree, they may provide us with the email
addresses of their employees or forward our recruitment
email to their workers (see Figure 1). This email includes
a link to a short online registration questionnaire (asking
name, address, birth date, name of the employer and
checking the exclusion criteria). Exclusion criteria for
this study are a) shift work or highly irregular working
hours, b) absence of a park nearby and c) serious illness
or allergies that prevent workers from going outside for
a walk. A company can take part in the study if there are
minimally six employees willing to join. Participants
from companies with fewer than six volunteers will be
invited to fill in the two online questionnaires before
and after the intervention period. The companies who
participate in our study will be randomly assigned to the
first or the second phase of the study (spring or au-
tumn). Within each company, the participants who
agreed to take part will be randomly divided into three
Figure 1 Overview research design for participants in spring 2014; screenshot of power point slide used during recruitment stage
(sent by email).
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The spring intervention study includes 112 persons from
seven different organizations and 51 additional persons
will fill in the online pre- and post-questionnaires only
to control for testing effects. In the autumn, another 105
persons will participate in the study, resulting in an
overall sample size of 268 persons.
In the month before the study starts, participants are in-
vited to attend a training which lasts approximately two
hours. The training is organized on site for maximally ten
participants at a time. Trainers are work- and organizational
psychologists (or students in an advanced stage of their
studies) who have been briefed and thoroughly trained by
the researchers and who attended an intensive three-hour
relaxation training session. During the training, the exact
procedure of the study is explained to the participants and
they have the possibility to ask questions about the data col-
lection procedure. Moreover, participants get detailed writ-
ten and verbal instructions for each type of measurement
(online questionnaires, SMS questionnaires, paper-pencil
questionnaires, saliva sampling, blood pressure measure-
ments) and the trainer makes sure that each participant
practices each type of measurement at least once during the
training. In this way, the participants become familiar with
the measurement devices used in this study. An important
part of the training concerns the signing of the informed
consent form to make sure that participants understand
that participation is voluntary and that they can withdraw
from the study at each point in time.After the data collection is finished, every participant
receives information on his individual values of blood
pressure and well-being compared to the average levels
of the whole group. We will also have a lottery in which
it is possible to win three prizes: one travel check for
200€ and two checks for 100€. We communicate that
more completed measurements will increase the individ-
ual chance on winning.
Experimental conditions
Exposure to nature
After the training session for all participants, the partici-
pants who are assigned to the nature exposure group are
instructed to walk a predetermined route in the park at
a slow, low-intensity pace, to pay attention to their sur-
roundings and to avoid discussion for 15 minutes during
their lunch break. The trainers walk the route one time
with the group during the training and participants are
handed out maps with the route marked on it. Before
and after the park walk, participants indicate their level
of relaxation on a paper sheet. They can walk either
alone or in a group.
Relaxation
The relaxation session during the lunch break is based on
applied relaxation, which is the most studied and applied
stress reduction method [24]. In the relaxation session,
the focus is on deep breathing, progressive muscle relax-
ation and acceptance exercises based on mindfulness
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signed to make use of the autonomic nervous system po-
tential and have been successfully used in clinical settings
[66]. The participants in the relaxation group are trained
on this method for 1.5 hours before the start of the inter-
vention period by a trained psychologist or a trained
psychology student. They also learn how to test their level
of physical relaxation. The relaxation session lasts 15 mi-
nutes and it needs only a chair to be performed. Before
and after each relaxation exercise, participants indicate
their level of relaxation on a paper sheet.
Measures
Manipulation check
Before and after the lunch break intervention, participants
in the nature/relaxation groups indicate their level of re-
laxation on a scale from 0 to 100 on a sheet of paper. The
scale is anchored: 0 = extremely relaxed, such as sitting on
the couch after exercising and having a sauna bath, 50 =
normal level of relaxation/tension, 100 = extremely tense,
such as before a major, stressful life event or an important
verbal examination in public. These evaluations are
marked in the booklet giving also written instructions for
each exercise.
Recovery processes
Restoration during lunch breaks
We measure recovery experiences with an online ques-
tionnaire before and after the intervention consisting of
9 items. The items focus on feelings and thoughts during
lunch breaks related to relaxation, energy levels and
mental disengagement from work. Example items are: “I
worry about my work during my lunch break” and “I feel
restored and relaxed after my lunch break”. The items
are inspired by different existing scales that have been
successfully applied in recovery studies such as the Re-
covery Experience Questionnaire [15], the Subjective Vi-
tality Scale [67,68], the Energy at Work Scale [69] and
the Restoration Outcome Scale [70]. Response scales
range from 1 (very seldom or never) to 5 (very often or
always).
Using paper-pencil questionnaires at the end of the
day, we measure recovery experiences on day-level as
follows:
Relaxation
Relaxation during the lunch break and in the evening is
assessed by one item from the Recovery Experience
Questionnaire [15]. Participants reply to statements such
as: “During my lunch break, I took time for leisure”. In
the evening, relaxation is measured by the item: “I
kicked back & relaxed”. The Likert-response scale ranges
from 1 (strongly disagree to) to 5 (strongly agree).Psychological disengagement
Disengagement from work is measured daily by two
items: “During my lunch break, I distanced myself from
my work” and “During time after work, I distanced my-
self from my work”. The response scale ranges from 1
(strongly disagree) to 5 (strongly agree).
Positive work reflection
Positive thoughts about one’s work during recovery epi-
sodes are assessed by two items, adapted for the time of
the day: “During my lunch break/during time after work,
I reflected on the positive aspects of my work”. Partici-
pants can respond on a scale from 1 (strongly disagree)
to 5 (strongly agree).
Health
Health status
One item assesses the health status of the participants in
the online questionnaires before and after the interven-
tion: “How would you rate your general health status?”.
The Likert response scale ranges from 1 (very unhealthy)
to 10 (very healthy).
Health complaints
Physical complaints are measured by a shortened version
of the Physical Symptoms Inventory [71] in the online
questionnaire before and after the intervention. Partici-
pants are asked whether they experienced certain symp-
toms during the past month. Listed are the most
frequently occurring symptoms such as headache,
gastrointestinal problems or dizziness. The last question
leaves an open space to report “other symptoms”. Re-
spondents report the frequency of the symptoms: 1 (al-
most) never, 2) about once per month, 3) a few times
per month, 4) about once per week, 5) a few times per
week, 6) (almost) every day. If a participant experiences
any of the symptoms, he/she is also asked to indicated
if/how the complaints limited engagement in usual activ-
ities ranging from 1 (not at all) to 5 (completely; could
not engage in my usual daily activities). In the paper-
pencil questionnaires, participants report their degree of
agreement (i.e., 1 = strongly disagree to 5 = strongly
agree) with the following statement: “Today at work, I
suffered from physical complaints such as headaches, an
upset stomach, neck or back pain”.
Well-being
Work engagement
Vigour and dedication are assessed with six items from
the cross-nationally validated Utrecht Work Engagement
Scale [72-74] via an online questionnaire before and
after the intervention. The participants can answer on a
scale ranging from 0 (never) to 6 (always/every day). On
day-level with paper-pencil questionnaires, participants
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work (“This morning, I felt like going to work”). Answer-
ing scales run from 1 (strongly disagree) to 5 (strongly
agree).
Fatigue
In the online questionnaire before and after the inter-
vention, participants are asked how often they felt tired
during the day within the last month. Answers can range
from 1 (very seldom or never) to 5 (very often or al-
ways). On day-level with the SMS questions, fatigue is
assessed four times a day by a one-item questionnaire
developed and validated by Van Hooff et al. [75]. Partici-
pants report their level of agreement on a scale from 1
(strongly disagree) to 5 (strongly agree).
Burnout
Exhaustion and professional efficacy are measured with
eleven items from the Finnish translation of the Maslach
Burnout Inventory [76,77] before and after the interven-
tion with an online questionnaire. Answers can range
from 0 (never) to 6 (always/every day). On day-level,
with paper-pencil questionnaires, exhaustion and per-
sonal efficacy are measured with one item each. The
scale is adapted to the daily context and, accordingly,
ranges from 1 (strongly disagree) to 5 (strongly agree).
Stress
Stress symptoms are assessed on day-level with a one-
item scale inspired by Elo, Leppänen and Jahkola [78].
At the end of the work day, participants indicate their
level of agreement (i.e., 1 = strongly disagree to 5 =
strongly agree) to the following statement sent to them
by SMS: “Right now, at the end of my work day, I feel
stressed and tense”.
General well-being
This construct, measured online before and after the
intervention, includes one item measuring happiness:
“How happy do you feel in general?” with a Likert-scale
from 1 (very unhappy) to 10 (very happy) and one item
measuring satisfaction: “How satisfied do you generally
feel about your life?” with a scale from 1 (very dissatis-
fied) to 10 (very satisfied). Moreover, happiness is
assessed four times per day with the item: “I feel happy”
with answers ranging from 1 (strongly disagree) to 5
(strongly agree).
Sleep quality
The quality of sleep is measured in the online question-
naires before and after the intervention as well as with
paper-pencil questionnaires on day-level. The items are
based on the Sleep Quality Index developed by Kecklund
and Akerstedt [79]. The time span that the questionnairerefers to is shorted from six month to the last month in
the online questionnaires. In these questionnaires, four
items assess difficulties falling asleep, awakenings during
the night, premature awakening and the degree of feel-
ing refreshed in the morning. Answers can range from 1
(very seldom or never; less than once a month) to 5
(very often or always; daily/nearly daily). On day-level,
sleep quality is assessed with one item: “How did you
sleep last night?”. Response scale ranges from 1 (very
poorly) to 5 (very well).
Job performance
Task completion
The degree to which employees finish their daily work
tasks is measured once per day with the following item:
“Today, I completed all the tasks I wanted to complete”
[80]. Answers can range from 1 (strongly disagree) to 5
(strongly agree).
Concentration
The ability to concentrate on daily work tasks is mea-
sured with one SMS-item after lunch and at the end of
the work day. The item is inspired by the Questionnaire
on the Experience and Evaluation of Work [81] and
reads: “My ability to concentrate is…”. Workers can
choose between five response options from 1 (very poor)
to 5 (very good).
Creativity
We use the Alternative Uses Task, a widely used, well-
validated, reliable measure of creativity which measures
the ability to produce a broad range of associations to a
given stimulus [82,83]. In this divergent thinking task,
people generate ideas in response to written prompts.
Respondents are asked to write down all uses they can
imagine for a brick. The task is included in the online
questionnaire sent to the participants at the end of the
research period. They have two minutes time to type
their answers in a pre-defined field. After these two mi-
nutes, the participants are instructed to select their two
most creative answers from all the answers they have
given. After the data collection, the answers of all re-
spondents are scored on fluency, cognitive flexibility and
on originality by three trained raters independently.
Fluency
Fluency describes the number of ideas generated for the
task (i.e., the number of uses a person can invent for a
brick).
Cognitive flexibility
Cognitive flexibility is considered the mental core of cre-
ativity [84] and it describes the ability to break common
patterns of thought, to overcome functional fixedness
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tions [82]. Flexibility becomes apparent by the number
of conceptual categories an individual’s response can be
assigned to. The greater the range of ideas, the more
flexible a person is considered to be. To calculate mean
scores of flexibility, three raters count the total number
of different categories that a respondent’s idea belongs
to. For example, if a respondent comes up with ideas of
building a house and building a shed, both ideas fall into
one category (i.e., building) and the resulting score is one.
If a respondent suggests building a house and using the
brick as paperweight, he/she would receive two points, be-
cause the ideas cover two different categories (i.e., building
and using the brick as a weight). Before rating, the three
raters carefully read all answers and agree on the categor-
ies the ideas could possibly belong to.Originality
Originality represents the degree to which an idea is col-
lectively considered uncommon, remote and clever. To
rate the level of originality of a respondent’s answer,
three trained raters independently score the originality
of every generated idea of each respondent. Raters score
each single idea on a five-point rating scale from 1 (not
at all creative) to five (extremely creative). The raters are
provided with a written instruction, telling them to keep
in mind the following three aspects of creativity: 1) Cre-
ative ideas are uncommon and occur infrequently in a
sample. Unique responses tend to be more creative re-
sponses. 2) Creative ideas are remote. They link everyday
objects and concepts and stray from obvious ideas. For
example, creative uses for a brick are far from common,
everyday normal uses for a brick such as building a
house. 3) Creative ideas are clever. They strike people as
insightful, ironic, humorous, fitting, or smart. For each
idea, the resulting three individual ratings are averaged.
To calculate an overall originality score for each re-
spondent, the respondents’ ratings for each single idea
are summed and divided by the total number of his/her
responses to control for verbal fluency or typing speed
[83]. Moreover, a sum score is calculated for the two
ideas that the participants designated as their most cre-
ative ideas. This Top 2 rating seems to be one of the
best, most valid indicators for creative thinking [83].Potential moderators, mediators and control variables
Recovery processes
Recovery processes, such as control (“I determined for
myself how to spend my time”) and the other recovery
experiences described above are also investigated as
moderator or mediator variables in the relation between
work load, strain, health and well-being. The manipula-
tion check (i.e., whether workers were able to relaxduring their lunch break and whether they adhered to
our walking instructions) is also taken into account.
Break characteristics
Enjoyment of activity
The participants of our study can indicate the degree to
which they enjoyed their lunch break ranging from 1
(strongly disagree) to 5 (strongly agree) on the statement
“I enjoyed my lunch break”.
Company
We inquire if participants have spent their lunch break
alone or with others.
Break environment
We ask participants if they have spent their lunch break
inside or outside their office.
Work demands and resources
Workload
Before and after the intervention, work load is measured
with three items from the Quantitative Work Load In-
ventory, developed and validated by Spector and Jex
[71]. An example item is: “How often does your job re-
quire you to work under time pressure?”. Participants
can respond on a 5-point scale (1 = very seldom or never,
5 = very often or always). On day-level, work load is
measured by the SMS-statement: “My work demands
were high today” on a scale ranging from 1 (strongly dis-
agree) to 5 (strongly agree).
The following job demands and resources are assessed
once before the intervention in the online questionnaire:
Cognitive demands
Cognitive job demands are assessed with three items.
The questions are based on the Copenhagen Psycho-
social Questionnaire [85] and the DISC Questionnaire
[86]. One of the items reads: “How often does your work
require you to make complex decisions?”. The response
scale is identical with the scale described above.
Emotional demands
The emotional demands of the participants’ jobs are
assessed by three items from the Copenhagen Psycho-
social Questionnaire [85]. An example item is: “My work
is emotionally demanding”. The response scale also
ranges from 1 to 5.
Work variety
The variety a participant’s job offers him/her is mea-
sured with three items from the Questionnaire on the
Experience and Evaluation of Work [81]. An exemplar
question is: “Do you have enough variety in your work?”.
The response scale is the same as above.
de Bloom et al. BMC Public Health 2014, 14:488 Page 10 of 15
http://www.biomedcentral.com/1471-2458/14/488Autonomy
Five items assess autonomy in a participants’ job. Four
of these items stem from the General Nordic Question-
naire for Psychological and Social Factors at Work [87]
and one item is derived from the Psycones Question-
naire [88]. The answers are recorded on the 5-point fre-
quency scale described above.
Social support at work
Support from colleagues as well as support from super-
visor are assessed with three items from the General
Nordic Questionnaire for Psychological and Social Fac-
tors at Work [87] and the Questionnaire on the Experi-
ence and Evaluation of Work [81]. An example item is:
“I get on well with my nearest supervisor”. The response
scale is the same as described above.
Work environment
Participants are asked several questions about the type
of office they work in. The response categories are: 1 =
Private office for one person, 2 = Shared office space
with a personal desk 3 = Shared office without a personal
desk 4 = Permanent classroom/teaching room, 5 = Chan-
ging workspace, class- or teaching room and 6 =Other.
If the participants share their work space with others,
we inquire into the number of colleagues and clients
that the space is shared with. The third question con-
cerning the work environment concerns the window
view: “Do you have a window, a glass door or glass wall
at your room/working station?”. Participants can choose
between the following answers: 1 = No, 2 = Yes, it is to
the inside of the building, 3 = Yes, it is to the outside of
the building with mainly an urban view (for example a
building or street) 4 = Yes, it is to the outside of the
building with mainly a natural view (for example a lake,
field or park).
Free time characteristics
Type of free time activities
On day-level, we ask participants how many hours they
have spent on the following activities after finishing
work: work-related activities, home chores, physical ac-
tivities, physical activities in nature and social activities.
Person characteristics
The following person characteristics are assessed with an
online questionnaire two weeks prior to the intervention:
Workaholism
Working compulsively and working excessively are
assessed with three items from the Brief Workaholism
Scale, developed by Schaufeli, Van Wijhe, Peeters and
Taris [89] and validated by del Libano, Llorens, Salanova
and Schaufeli [90].Mindfulness
The two key components of mindfulness, “acting with
awareness” and “acceptance” are measured by a scale
composed of six items in total. Three of the items stem
from the Mindfulness Attention Awareness Scale [91] and
three from the Kentucky Inventory of Mindfulness skills
[92]. The items are chosen based on the highest factor
loadings reported in American, Chinese and Swedish sam-
ples [93-95].
Background variables
We ask the respondents to report their age, gender, for-
mal education, family status, tenure and if they have a
supervisory position.
Physiological measures
We collect saliva samples and measure blood pressure.
Both procedures are minimally invasive for participants.
To protect subjects’ privacy, the booklets in which they
write down the values of their blood pressure and the
collection times only contain an identifier and no name.
We use text-messages to remind the participants about
the measurements. Written instructions on how to col-
lect the data are handed out to the participants and dis-
cussed during the training session.
Saliva sampling
Participants collect saliva samples with the help of Saliv-
ette swabs. During a training session before the interven-
tion, participants are instructed how to use the swabs.
Via SMS, every participant receives a reminder to collect
saliva three times per day: right after awakening, 30 mi-
nutes after awakening, and before going to bed (see
Additional file 1: Table S1). These three measurements
are minimally required in order to capture the diurnal
course of biomarker excretion. The swabs are labeled by
a certain number and distributed in separate plastic bags
labeled with the week of the measurement. The partici-
pants are instructed to refrain from eating, drinking,
smoking, exercising and brushing teeth within 30 mi-
nutes before collecting saliva to prevent confounded
samples. The participants are also instructed to mark if
they complied with these guidelines in the paper booklet.
We ask the respondents to rinse their mouth before col-
lecting saliva and we instruct them to place the swab be-
tween the cheek and the lower teeth for one minute, as
location and movement in the mouth may influence the
concentration of biomarkers [96,97]. After sampling, the
participants are asked to keep the samples in their fridge
until the researchers collect them at their work place.
The samples are analyzed for cortisol by the physio-
logical laboratory of the Finnish Institute of Occupa-
tional Health. Cortisol represents a valid measure for
hypothalamic-pituitary-adrenal (HPA) axis activity [98,99].
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confounders (e.g., age, gender, smoking, alcohol consump-
tion, medication, sleep, exercise).
Blood pressure measurements
High blood pressure has been shown to be the most im-
portant risk factor of cardiovascular disease, which is the
most common group of diseases in mortality and mor-
bidity. Blood pressure reflects sympathetic and parasym-
pathetic activity and balance of the autonomic nervous
system and is elevated during stress [100,101]. The par-
ticipants measure their blood pressure three times per
day: in the morning, at the end of their work day and be-
fore going to bed (see Additional file 1: Table S1). The
participants are instructed not to eat or drink, smoke or
exercise 30 minutes prior to measuring their blood pres-
sure. Blood pressure is assessed with a fully automatic
blood pressure monitor which uses the oscillometric
method for detecting the blood’s movement through the
brachial artery and converting it into a digital reading
(OMRON, model M2, validated and recommended by
the British Hypertension Society). We instruct the par-
ticipants to conduct the measurements in a sitting pos-
ition in a quiet place and to avoid talking during the
measurement. We also ask them to take two separate
measurements per occasion to get a more reliable indi-
cator of their current blood pressure level. Odd measure
out of range (e.g., due to a misapplied arm cuff) are deleted
from the analyses. In statistical analyses, special attention
is paid to possible confounders (e.g., age, gender, smoking,
alcohol consumption, medication, sleep, exercise).
Statistical analyses
Sample size calculation
We calculated that an effect size of .25 (medium) with
alpha = .05, and power = .95 would require 84 respon-
dents per group in one-way ANOVA (three groups)
[102]. If non-adherence occurs, 53 participants per
group suffice with a power level of .80 [102,103]. In field
experiments, smaller samples have typically been used
(e.g., [50]). Note that in ANOVA, to assess within-
between interaction effects with 10 repeated measure-
ments with 0.3 correlation between them and three
groups, a total sample size of 36 is sufficient to produce
an effect size of .25 (medium) with alpha = .05, and
power = .95 [103].
Basic analyses
Analyses are performed with SPSS 20.0 [104] and MPlus
[105]. A two-tailed significance level of < .05 is consid-
ered statistically significant. The characteristics of the
sample are analyzed using descriptive statistics. Independ-
ent samples t-tests or chi-square tests are applied to test
whether randomization was successful or whether thereare any systematic differences between the three groups of
workers. Preliminary analyses include calculating descrip-
tive statistics (i.e., means, standard deviations and range of
scores), factor analyses for all the scales used, computing
internal reliabilities (Cronbachʼs α) and bivariate correla-
tions (Pearsonʼs r) of all variables in the study.
Effect evaluation
Repeated measures ANOVA’s are applied to test the
change in outcomes within subjects across the ten re-
peated measurements before, during and after the inter-
vention (i.e., within-subjects main effect of exposure to
nature/relaxation during lunch breaks). To test how the
different types of break activities affected the change in
outcomes across time, the three experimental groups, 1)
relaxation, 2) exposure to nature, 3) control), are entered
as a between subjects factor (i.e., between subjects main
effect for break activity type). Partial eta-squared (ηp
2) is
reported as an effect size. We use a sequential Bonferroni
procedure to control for Type I error across the analyses.
In this procedure, tests are placed in ascending order of
significance within a family of tests. The smallest probabil-
ity is then multiplied by the number of tests in the fam-
ily. The second probability is then multiplied by the
remaining number of tests, and so on. Tests are judged
to be significant if the product is smaller than .05.
Concerning cortisol, we calculate the total daily pro-
duction by using the area-under-curve with respect to
ground. Moreover, we will calculate the slope of the di-
urnal profile. We also control the physiological analyses
for certain variables. On day-level, we may control for:
exercising, eating or drinking within the last 30 minutes
(stress hormones, blood pressure), wake up time, sleep
time, acute illness or pain, smoking, age and brushing
teeth. On a general level, we may control for age, gender,
use of oral contraceptives, pregnancy, body mass index,
too high or too low blood pressure, endocrine or hormo-
nal diseases and psychological diseases. We may also de-
cide to exclude the physiological data of certain persons
from the analyses if they, for example, not adhered to
our instructions or suffer from a disease that may impact
their biomarker levels.
Moderator and mediator analyses
To test moderation and mediation hypotheses, we check
the variables for multicollinearity first, because it may at-
tenuate or suppress the effects of individual predictors
on the outcome variables. Our criterion for acceptable
multicollinearity among mediators/moderators is less than
10% of common variance (see [106]). We apply nonpara-
metric bootstrapping (with 5,000 bootstrap resamples)
utilizing a SPSS macro presented by Preacher and Hayes
[107]. This method does not impose the assumption of
normality of the sampling distribution, provides high
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[108,109]. If covariates vary in time, we will use structural
equation modeling (that is, latent growth modeling) to
model changes and inter-individual variability across time.
Process evaluation
A process evaluation is carried out to understand which
factors influenced the effectiveness of the intervention.
Therefore, at the end of the study, all participants are in-
vited to comment on the research procedure by email.
Moreover, a subsample of ten randomly selected partici-
pants is called and interviewed by phone about their
experiences.
Discussion
This article describes the development and the design of
an intervention study which aims to improve workers’
recovery during lunch breaks by either exposure to na-
ture or carrying out relaxation exercises. The aim of this
study is to examine work stress recovery from the
process perspective, paying special attention to the
underlying recovery mechanisms that promote or ham-
per physical and psychological restoration.
Strengths and limitations
The findings of this study are subject to at least five limita-
tions. Firstly, the participants are aware of the purpose of
the study which may lead to placebo effects. However, as
we combine different outcome measures and tools (e.g.,
online questionnaires, SMS questionnaires, experimental
tasks, physiological measures), we assume that placebo ef-
fects on the subjective outcome measures would become
apparent in the more “objective” measures such as physio-
logical measurements and experimental tasks. Moreover,
we also include a group of persons who only fill in the
pre- and post-intervention questionnaires. By comparing
the outcomes of this group to the control group’s out-
comes, we can establish internal validity and rule out test-
ing and/or placebo effects.
Secondly, the study is subject to several other threats to
internal validity such as history and maturation. The sea-
son of the year (spring versus autumn) may also influence
health and well-being levels of the participants. So, before
combining the participants from the two phases of data
collection, we will test whether any systematic differences
exist. Thirdly, repeatedly measuring the same constructs
in the participants may lead to testing bias. Especially re-
plying to the same questions a couple of times per day
may become boring. Therefore, we kept the number of
items which measure the underlying constructs to a mini-
mum. Furthermore, the order of the questions will be var-
ied between the measurement days. Fourthly, diffusion
may occur. This means, the employees in the control
group may feel motivated to join their colleagues duringtheir walking or relaxation session at lunch time. In order
to prevent this, we will explain why it is important for the
control group to refrain from engaging in the same activ-
ities as the intervention group or changing their usual
habits for the duration of the intervention study. More-
over, we ask the control group how they spent their lunch
break so that we could exclude persons who changed their
break routines. Fifthly, we have to take into account that
workers will not adhere to the instructions, forget to reply
to some questionnaires or to take certain measurements.
Some workers may drop out completely. In order to deal
with these problems, we 1) stress the importance of adher-
ence to the research protocol, 2) stress the problem of
“cheating” (i.e., taking physiological measurements at a
wrong point in time), 3) intervene when certain employees
forget repeatedly to fill in questionnaires, 4) ask partici-
pants whether they adhered to the guidelines for the
physiological measurements at each measurement occa-
sion, 5) test whether missing data are distributed com-
pletely at random (using Little’s MCAR test). If the data is
not missing at random, we will impute the missing data.
The strengths of our study boil down to four main as-
sets. Firstly, interventions in working samples are scarce
and even less common are studies focusing on recovery
from work during the work day. Therefore, our study
contributes to our understanding of recovery processes,
while it also has direct practical implications for working
people. If the strategies we apply indeed improve recov-
ery from work during lunch breaks, they constitute an
easy and quick way to enhance workers’ health, well-
being, performance and creativity. Our study also helps
to establish causal links between the variables under in-
vestigation. Secondly, most studies in the field of creativ-
ity lack external validity, because they are carried out in
student samples [110]. Our study fills this gap by apply-
ing an experimental task to measure creativity in a work-
ing population in a field setting. Thirdly, combining
different biomarkers of stress (i.e., cardiovascular stress
responses and salivary cortisol) contributes to a better
understanding of the interaction between sympathetic
system and HPA axis activity. In addition, the combin-
ation with other, more subjective, indicators of health
and well-being, performance and creativity will provide
new insights into the interplay between body and mind.
Fourthly, in combining theories and instruments from
two research fields, environmental and work and
organizational psychology, that have long been sepa-
rated, we hope to promote further cross-fertilizations
between research areas.
Conclusions
By combining the knowledge of work and environmental
psychology about recovery and restorative experiences
(covering especially emotional and cognitive processes)
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processes, and outcomes) into one single study, we
broaden the view on mechanisms underlying recovery
and enhance our understanding about their links to psy-
chological, behavioural and physiological outcomes,
resulting in a comprehensive picture of work stress re-
covery in general.
Additional file
Additional file 1: Table S1. Research design and time investment from
the participants’ point of view.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JdB drafted the manuscript and participated in its design and coordination.
UK conceived of the study, and participated in its design and coordination.
KK conceived of the study, participated in designing the study and
performed several statistical analyses. UK and KK both revised the
manuscript. All authors read and approved the final manuscript.
Acknowledgements
This study is supported by the Academy of Finland (grant no. 257682) and
part of a larger research project, entitled: “Recovery from Work Stress:
Integrating Perspectives of Work and Environmental Psychology”. We thank
Martti Tuomisto, Petra Lindfors, Clemens Kirschbaum, Urs Nater, Sabine
Geurts and Marjaana Sianoja for their expert advice in planning our study.
Received: 11 April 2014 Accepted: 15 May 2014
Published: 22 May 2014
References
1. Parent-Thirion A, Macias EF, Hurley J, Vermeylen G: Fourth European Working
Conditions Survey. Dublin: European Foundation for the Inprovement of
Living and Working Conditions; 2007.
2. WHO: The World Health Report 2001 – mental health: New understanding,
new hope. Geneva: World Health Organization; 2001.
3. Geurts SAE, Sonnentag S: Recovery as an explanatory mechanism in the
relation between acute stress reactions and chronic health impairment.
Scand J Work Environ Health 2006, 32:482–492.
4. Sonnentag S, Zijlstra FRH: Job characteristics and off-job activities as
predictors of need for recovery, well-being, and fatigue. J Appl Psychol
2006, 91:330.
5. Lundberg U: Stress hormones in health and illness: the roles of work and
gender. Psychoneuroendocrinology 2005, 30:1017–1021.
6. Sonnentag S, Geurts SAE: Methodological issues in recovery research. In
Current Perspectives on Job-Stress Recovery: Research in Occupational Stress
and Well-being. Volume 7. Edited by Sonnentag S, Perrewé PL, Ganster DC.
Bingley, United Kingdom: Emerald Group Publishing Limited; 2009:1–36.
7. Trougakos JP, Hideg I: Momentary work-recovery: the role of within-day
work breaks. In Current Perspectives on Job-Stress Recovery: Research in
Occupational Stress and Well-being. Volume 7. Edited by Sonnentag S,
Perrewé PL, Ganster DC. Bingley, United Kingdom: Emerald Group
Publishing Limited; 2009:37–84.
8. Trougakos JP, Beal DJ, Green SG, Weiss HM: Making the break count: an
episodic examination of recovery activities, emotional experiences, and
positive affective displays. Acad Manag J 2008, 51:131–146.
9. Tucker P: The impact of rest breaks upon accident risk, fatigue and
performance: a review. Work Stress 2003, 17:123–137.
10. Sanz-Vergel AI, Demerouti E, Moreno-Jiménez B, Mayo M: Work-family
balance and energy: a day-level study on recovery conditions.
J Vocat Behav 2010, 76:118–130.
11. Sonnentag S: Work, recovery activities, and individual well-being: a diary
study. J Occup Health Psychol 2001, 6:196–210.12. De Bloom J, Geurts SA, Kompier MA: Vacation (after-) effects on employee
health and well-being, and the role of vacation activities, experiences
and sleep. J Happiness Stud 2013, 14:613–633.
13. Pressman SD, Matthews KA, Cohen S, Martire LM, Scheier MF, Baum A,
Schulz R: Association of enjoyable leisure activities with psychological
and physical well-being. Psychosom Med 2009, 71:725–732.
14. Tucker P, Dahlgren A, Akerstedt T, Waterhouse J: The impact of free-time
activities on sleep, recovery and well-being. Appl Ergon 2008,
39:653–662.
15. Sonnentag S, Fritz C: The recovery experience questionnaire:
development and validation of a measure for assessing recuperation
and unwinding from work. J Occup Health Psychol 2007, 12:204–221.
16. Meijman TF, Mulder G: Psychological aspects of workload. In Handbook of
work and organizational psychology (2nd edition) Work psychology Volume 2.
Edited by Drenth PJD, Thierry H, de Wolff CJ. Hove: Psychology Press;
1998:5–33.
17. Hobfoll SE: Conservation of resources: a new attempt at conceptualizing
stress. Am Psychol 1989, 44:513–524.
18. Siltaloppi M, Kinnunen U, Feldt T: Recovery experiences as moderators
between psychosocial work characteristics and occupational well-being.
Work Stress 2009, 23:330–348.
19. Sonnentag S, Binnewies C, Mojza EJ: " Did you have a nice evening?" A
day-level study on recovery experiences, sleep, and affect. J Appl Psychol
2008, 93:674–684.
20. Sonnentag S, Binnewies C: Daily affect spillover from work to home:
detachment from work and sleep as moderators. J Vocat Behav 2013,
83:198–208.
21. Sonnentag S, Binnewies C, Mojza EJ: Staying well and engaged when
demands are high: the role of psychological detachment. J Appl Psychol
2010, 95:965–976.
22. Binnewies C, Sonnentag S, Mojza EJ: Recovery during the weekend and
fluctuations in weekly job performance: a week‐level study examining
intra‐individual relationships. J Occup Organ Psychol 2010, 83:419–441.
23. Van der Klink JJ, Blonk RW, Schene AH, Van Dijk FJ: The benefits of
interventions for work-related stress. Am J Public Health 2001, 91:270–276.
24. Richardson KM, Rothstein HR: Effects of occupational stress management
intervention programs: a meta-analysis. J Occup Health Psychol 2008,
13:69–93.
25. Lundberg U, Cooper CL: The science of occupational health: stress,
psychobiology, and the new world of work. Oxford, United Kingdom:
Wiley-Blackwell; 2010.
26. Esch T, Fricchione GL, Stefano GB: The therapeutic use of the relaxation
response in stress-related diseases. Med Sci Monit 2003, 9:23–34.
27. Nielsen K, Abildgaard JS: Organizational interventions: a research-based
framework for the evaluation of both process and effects. Work Stress
2013, 27:278–297.
28. Hartig T, Mitchell R, de Vries S, Frumkin H: Nature and health. Annu Rev
Public Health 2014, 35:207–228.
29. Berman MG, Jonides J, Kaplan S: The cognitive benefits of interacting with
nature. Psychol Sci 2008, 19:1207–1212.
30. Korpela KM, Ylén M, Tyrväinen L, Silvennoinen H: Favorite green, waterside
and urban environments, restorative experiences and perceived health
in Finland. Health Promot Int 2010, 25:200–209.
31. Bowler DE, Buyung-Ali LM, Knight TM, Pullin AS: A systematic review of
evidence for the added benefits to health of exposure to natural
environments. BMC Public Health 2010, 10:456.
32. Korpela K, Kinnunen U: How is leisure time interacting with nature related
to the need for recovery from work demands? Testing multiple
mediators. Leis Sci 2011, 33:1–14.
33. Ulrich RS, Simons RF, Losito BD, Fiorito E, Miles MA, Zelson M: Stress
recovery during exposure to natural and urban environments. J Environ
Psychol 1991, 11:201–230.
34. Park BJ, Tsunetsugu Y, Kasetani T, Kagawa T, Miyazaki Y: The physiological
effects of Shinrin-yoku (taking in the forest atmosphere or forest
bathing): evidence from field experiments in 24 forests across Japan.
Environ Health Prev Med 2010, 15:18–26.
35. Hartig T, Evans GW, Jamner LD, Davis DS, Gärling T: Tracking restoration in
natural and urban field settings. J Environ Psychol 2003, 23:109–123.
36. Van den Berg AE, Koole SL, van der Wulp NY: Environmental preference
and restoration: (How) are they related? J Environ Psychol 2003,
23:135–146.
de Bloom et al. BMC Public Health 2014, 14:488 Page 14 of 15
http://www.biomedcentral.com/1471-2458/14/48837. Raanaas RK, Patil GG, Hartig T: Health benefits of a view of nature through
the window: a quasi-experimental study of patients in a residential
rehabilitation center. Clin Rehabil 2012, 26:21–32.
38. Tsunetsugu Y, Lee J, Park BJ, Tyrväinen L, Kagawa T, Miyazaki Y:
Physiological and psychological effects of viewing urban forest
landscapes assessed by multiple measurements. Landsc Urban Plan 2013,
113:90–93.
39. Kaplan S: The restorative benefits of nature: toward an integrative
framework. J Environ Psychol 1995, 15:169–182.
40. Korpela K, Hartig T: Restorative qualities of favorite places. J Environ
Psychol 1996, 16:221–233.
41. Tyrväinen L, Ojala A, Korpela K, Lanki T, Tsunetsugu Y, Kagawa T: The
influence of urban green environments on stress relief measures: a field
experiment. J Environ Psychol 2014, 38:1–9.
42. Mitchell R, Popham F: Effect of exposure to natural environment on
health inequalities: an observational population study. Lancet 2008,
372:1655–1660.
43. Richardson EA, Mitchell R, Hartig T, de Vries S, Astell-Burt T, Frumkin H:
Green cities and health: a question of scale? J Epidemiol Community
Health 2012, 66:160–165.
44. Maas J, Verheij RA, de Vries S, Spreeuwenberg P, Schellevis FG,
Groenewegen PP: Morbidity is related to a green living environment.
J Epidemiol Community Health 2009, 63:967–973.
45. Takano T, Nakamura K, Watanabe M: Urban residential environments and
senior citizens’ longevity in megacity areas: the importance of walkable
green spaces. J Epidemiol Community Health 2002, 56:913–918.
46. Jahncke H, Hygge S, Halin N, Green AM, Dimberg K: Open-plan office
noise: cognitive performance and restoration. J Environ Psychol 2011,
31:373–382.
47. Degenhardt B, Frick J, Buchecker M, Gutscher H: Influences of personal,
social, and environmental factors on workday use frequency of the
nearby outdoor recreation areas by working people. Leis Sci 2011,
33:420–440.
48. Brown DK, Barton JL, Pretty J, Gladwell VF: Walks4Work: Assessing the role
of the natural environment in a workplace physical activity intervention.
Scand J Work Environ Health. (in press). doi:10.5271/sjweh.3421.
49. Hahn VC, Binnewies C, Sonnentag S, Mojza EJ: Learning how to recover
from job stress: effects of a recovery training program on recovery,
recovery-related self-efficacy, and well-being. J Occup Health Psychol 2011,
16:202–216.
50. Krajewski J, Wieland R, Sauerland M: Regulating strain states by using the
recovery potential of lunch breaks. J Occup Health Psychol 2010, 15:131–139.
51. Krajewski J, Sauerland M, Wieland: Relaxation-induced cortisol changes
within lunch breaks – an experimental longitudinal worksite field study.
J Occup Organ Psychol 2011, 84:382–394.
52. De Bloom J, Geurts SA, Sonnentag S, Taris T, de Weerth C, Kompier MA:
How does a vacation from work affect employee health and well-being?
Psychol Health 2011, 26:1606–1622.
53. Kiss P, De Meester M, Braeckman L: Differences between younger and
older workers in the need for recovery after work. Int Arch Occup Environ
Health 2008, 81:311–320.
54. Siegrist J: Adverse health effects of high-effort/low-reward conditions.
J Occup Health Psychol 1996, 1:27–41.
55. Amabile TM, Barsade SG, Mueller JS, Staw BM: Affect and creativity at
work. Adm Sci Q 2005, 50:367–403.
56. Atchley RA, Strayer DL, Atchley P: Creativity in the Wild: Improving
Creative Reasoning through Immersion in Natural Settings. PLoS ONE
2012, 7(12):e51474. doi:10.1371/journal.pone.0051474. The paper appeared
only online (http://www.plosone.org/article/info%3Adoi%2F10.1371%
2Fjournal.pone.0051474).
57. Baas M, De Dreu CKW, Nijstad BA: A meta-analysis of 25 years of
mood-creativity research: Hedonic tone, activation, or regulatory focus?
Psychol Bull 2008, 134:779–806.
58. Rönkä A, Malinen K, Kinnunen U, Tolvanen A, Lämsä T: Capturing daily
family dynamics via text messages: development of the mobile diary.
Community Work Fam 2009, 13:5–21.
59. Rönkä A, Häkkinen S, Jokinen K, Hyväluoma J: Mobiiliavusteinen
työskentelymalli perheneuvonnassa: mallin kehittäminen ja arviointi.
Perheterapia 2013, 2:5–19.
60. Newman DA: Missing data techniques and low response rates. The role
of systematic nonresponse parameters. In Statistical and methodologicalmyths and urban legends Doctrine, verity and fable in the organizational and
social sciences. Edited by Lance CE, Vandenberg RJ. Hove, East Sussex:
Routledge; 2009.
61. Allvin M, Aronsson G, Hagström T, Johansson G, Lundberg UWW: Work
without boundaries: psychological perspectives on the new working life.
Hoboken, USA: John Wiley and Sons; 2011.
62. Van Uffelen JGZ, Wong J, Chau JY, Van der Ploeg HP, Riphagen I, Gilson ND,
Burton NW, Healy GN, Thorp AA, Clark BK, Gardiner PA, Dunstan DW,
Bauman A, Owen N, Brown WJ: Occupational sitting and health risks: a
systematic review. Am J Prev Med 2010, 39:379–388.
63. Huelsheger UR, Schewe AF: On the costs and benefits of emotional labor:
a meta-analysis of three decades of research. J Occup Health Psychol 2011,
16:361–389.
64. McCallie MS, Blum CM, Hood CJ: Progressive muscle relaxation. J Hum
Behav Soc Environ 2006, 13:51–66.
65. Grossman P, Niemann L, Schmidt S, Walach H: Mindfulness-based stress
reduction and health benefits: a meta-analysis. J Psychosom Res 2004,
57:35–44.
66. Tuomisto MT, Lappalainen R, Tuomisto T, Timonen T: Sovellettu rentoutus
hoitomeneteimaenae psykiatriassa ja kaeyttaeytymistieteessae [Applied
relaxation in psychiatry and behavioral therapy]. Duodecim 1996,
112:960–969.
67. Bostic TJ, McGartland Rubio D, Hood M: A validation of the subjective
vitality scale using structural equation modeling. Soc Indic Res 2000,
52:313–324.
68. Ryan RM, Frederick C: On energy, personality, and health: subjective
vitality as a dynamic reflection of well‐being. J Pers 1997, 65:529–565.
69. Demerouti E, Bakker AB, Sonnentag S, Fullagar CJ: Work-related flow and
energy at work and at home: a study on the role of daily recovery.
J Organ Behav 2012, 33:276–295.
70. Korpela KM, Ylén M, Tyrväinen L, Silvennoinen H: Determinants of
restorative experiences in everyday favorite places. Health Place 2008,
14:636–652.
71. Spector PE, Jex SM: Development of four self-report measures of job
stressors and strain: interpersonal conflict at work scale, organizational
constraints scale, quantitative workload inventory, and physical
symptoms inventory. J Occup Health Psychol 1998, 3:356–367.
72. Hakanen J: From burnout to job engagement–validation of the Finnish
version of an instrument for measuring job engagement (UWES) in an
educational organization. [Tyo uupumuksesta tyo n imuun–positiivisen
tyo hyvinvointika sitteen ja menetelma n suomalaisen version validointi
opetusalan organisaatiossa]. Tyo Ja Ihminen 2002, 16(16):42–58.
73. Schaufeli WB, Bakker AB, Salanova M: The measurement of work
engagement with a short questionnaire a cross-national study.
Educ Psychol Meas 2006, 66:701–716.
74. Seppälä P, Mauno S, Feldt T, Hakanen J, Kinnunen U, Tolvanen A, Schaufeli
W: The construct validity of the Utrecht work engagement scale:
multi-sample and longitudinal evidence. J Happiness Stud 2009, 10:459–481.
75. Van Hooff MLM, Geurts SAE, Taris TW, Kompier MAJ: ”How fatigued do you
currently feel?” Convergent and discriminant validity of a single-item
fatigue measure. J Occup Health 2007, 49:224–234.
76. Kalimo R, Hakanen J, Toppinen-Tanner S: Maslachin yleinen työuupumuksen
arviointimenetelmä MBI-GS. [The Finnish version of the Maslach Burnout
Inventory - General Survey]. Helsinki: Finnish Institute of Occupational Health;
2006.
77. Maslach C, Jackson SE, Leiter MP: Maslach Burnout Inventory (3rd ed). Palo
Alto, CA: Consulting Psychologists Press; 1996.
78. Elo A, Leppänen A, Jahkola A: Validity of a single-item measure of stress
symptoms. Scand J Work Environ Health 2003, 29:444–451.
79. Kecklund G, Åkerstedt T: Objective components of individual differences
in subjective sleep quality. J Sleep Res 1997, 6:217–220.
80. Claessens BJC, Van Eerde W, Rutte CG, Roe RA: Things to do today…: A
daily diary study on task completion at work. Appl Psychol 2010,
59:273–295.
81. Veldhoven MJPM, Meijman TF: Het meten van psychosociale arbeidsbelasting
met een vragenlijst: de vragenlijst beleving en beoordeling van de arbeid
(VBBA) [The measurement of psychosocial job demands with a questionnaire:
The questionnaire on the experience and evaluation of work (QEEW)].
Amsterdam: Nederlands Instituut voor Arbeidsomstandigheden; 1994.
82. Guilford J: Creativity: yesterday, today and tomorrow. J Creat Behav 1967,
1:3–14.
de Bloom et al. BMC Public Health 2014, 14:488 Page 15 of 15
http://www.biomedcentral.com/1471-2458/14/48883. Silvia PJ, Winterstein BP, Willse JT, Barona CM, Cram JT: Assessing creativity
with divergent thinking tasks: exploring the reliability and validity of
new subjective scoring methods. Psychol Aesthetics Creativity Arts 2008,
2:68–85.
84. Hennessy BA, Amabile TM: Creativity. Annu Rev Psychol 2010, 61:569–598.
85. Pejtersen JH, Kristensen TS, Borg V, Bjorner JB: The second version of
the Copenhagen psychosocial questionnaire. Scand J Publ Health
2010, 38:8–24.
86. De Jonge J, Dormann C, Van Vegchel N, Von Nordheim T, Dollard M,
Cotton S, Van den Tooren M: The DISC Questionnaire, English version 2.1.
Eindhoven, Netherlands: Eindhoven University of Technology; 2007.
87. Wännström I, Peterson U, Asberg M, Nygren A, Gustavsson JP:
Psychometric properties of scales in the General Nordic Questionnaire
for Psychological and Social Factors at Work (QPSNordic): Confirmatory
factor analysis and prediction of certified long term sickness absence.
Scandinavian Journal of Psychology 2009, 50:231–244.
88. Guest D, Isaksson K, De Witte H: Employment contracts, psychological
contracts, and employee well-being: an international study. Oxford, United
Kingdom: Oxford University Press; 2010.
89. Schaufeli W, Van Wijhe C, Peeters M, Taris T: Werkverslaving, een begrip
gemeten [Workaholism, the measurement of a concept].
Gedrag & Organisatie 2011, 24:43–63.
90. Del Libano M, Llorens S, Salanova M, Schaufeli WB: Validity of a brief
workaholism scale. Psicothema 2010, 22:143–150.
91. Brown KW, Ryan RM: The benefits of being present: mindfulness and its
role in psychological well-being. J Pers Soc Psychol 2003, 84:822–848.
92. Baer RA, Smith GT, Allen KB: Assessment of mindfulness by self-report: the
Kentucky inventory of mindfulness skills. Assessment 2004, 11:191–206.
93. Black DS, Sussman S, Johnson CA, Milam J: Psychometric assessment of
the mindful attention awareness scale (MAAS) among Chinese
adolescents. Assessment 2012, 19:42–52.
94. Hansen E, Lundh LG, Homman A, Wångby‐Lundh M: Measuring
mindfulness: pilot studies with the Swedish versions of the mindful
attention awareness scale and the Kentucky inventory of mindfulness
skills. Cogn Behav Ther 2009, 38:2–15.
95. Baer RA, Smith GT, Hopkins J, Krietemeyer J, Toney L: Using self-report
assessment methods to explore facets of mindfulness. Assessment 2006,
13:27–45.
96. Kudielka BM, Gierens A, Hellhammer DH, Wüst S, Schlotz W: Salivary
cortisol in ambulatory assessment—some dos, some don’ts, and some
open questions. Psychosom Med 2012, 74:418–431.
97. Nater UM, Skoluda N, Strahler J: Biomarkers of stress in behavioural
medicine. Curr Opin Psychiatr 2013, 26:440–445.
98. Chida Y, Steptoe A: Cortisol awakening response and psychosocial
factors: a systematic review and meta-analysis. Biol Psychol 2009,
80:265–278.
99. Van Stegeren AH, Wolf OT, Kindt M: Salivary alpha amylase and cortisol
responses to different stress tasks: impact of sex. Int J Psychophysiol 2008,
69:33–40.
100. Landsbergis PA, Dobson M, Koutsouras G, Schnall P: Job strain and
ambulatory blood pressure: a meta-analysis and systematic review.
Am J Public Health 2013, 103:61–71.
101. Jarczok MN, Jarczok M, Mauss D, Koenig J, Li J, Herr RM, Thayer JF:
Autonomic nervous system activity and workplace stressors—A
systematic review. Neurosci Biobehav Rev 2013, 37:1810–1823.
102. Faul F, Erdfelder E, Lang A-G, Buchner A: G* Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical
sciences. Behav Res Methods 2007, 39:175–191.
103. Cohen J: A power primer. Psychol Bull 1992, 112:155–159.
104. IBM: IBM SPSS Statistics for Windows, Version 20.0. In Book IBM SPSS
Statistics for Windows, Version 20.0. (Editor ed.^eds.). City: IBM Corp; 2011.
105. Muthén LK, Muthén BO: Mplus: Statistical analysis with latent variables: User's
guide. Los Angeles: Muthén & Muthén; 2010.
106. Tabachnick BG, Fidell L: Using multivariate statistics: International edition. USA
Allyn & Bacon, Inc: Needham Heights; 2012.
107. Preacher KJ, Hayes AF: Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models.
Behav Res Methods 2008, 40:879–891.
108. MacKinnon DP, Lockwood CM, Williams J: Confidence limits for the
indirect effect: distribution of the product and resampling methods.
Multivar Behav Res 2004, 39:99–128.109. Preacher KJ, Hayes AF: SPSS and SAS procedures for estimating indirect
effects in simple mediation models. Behav Res Methods Instrum Comput
2004, 36:717–731.
110. Maddux WW, Galinsky AD: Cultural borders and mental barriers: the
relationship between living abroad and creativity. J Pers Soc Psychol 2009,
96:1047–1061.
doi:10.1186/1471-2458-14-488
Cite this article as: de Bloom et al.: Exposure to nature versus relaxation
during lunch breaks and recovery from work: development and design
of an intervention study to improve workers’ health, well-being, work
performance and creativity. BMC Public Health 2014 14:488.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
